ABSTRACT: Microorganisms are excellent soil quality indicators because their properties within the soil community change quickly in response to changes in the surrounding environment. The aim of this study was to determine if the structure and diversity of soil bacterial and fungal communities were useful for discriminating cut flower cultures under conventional (CM), ecological (EM), and intermediate (IM) management practices.
INTRODUCTION
The cut flower industry is a major agricultural activity in Colombia, South America, occupying 7,087 ha, being the world's second largest flower exporting country (after the Netherlands). This industry generates revenue of more than US$ 1 billion annually, bringing jobs and income to people in the productive regions, especially in La Sabana de Bogotá, where 72 % of the production area is located (Asocolflores, 2015) .
Approximately 5,407 ha of the land used for flower production in La Sabana de Bogotá relies heavily on conventional soil management (Parrado et al., 2011) , which threatens soil quality. As a strategy for soil restoration and deceleration of soil damage, flower growers are implementing ecological land management practices aimed at maintaining soil physical properties, optimizing nutrient cycling, minimizing fertilizer and pesticide applications, and maximizing their use efficiency (Magdoff, 2007) . Nearly 1,680 ha of cut flower farms have at least partially implemented ecological management practices (Colombia, 2004) , which means that these sites use intermediate management that includes both conventional and ecological management strategies. Even though ecological management began ten years ago, the impact these practices have had on soil quality is not known. The soil was not previously monitored at La Sabana de Bogotá, and soil quality indicators were not measured.
Microorganisms inherently affect soil functioning and play a significant role in maintaining the micropore-macropore soil structure, organic matter decomposition, and biogeochemical cycles (Tate III, 2000) . They are excellent indicators of soil quality because their activity rates, biomass, community structure, and diversity change quickly, even before changes are detected in physicochemical soil properties (Sharma et al., 2010) . Microbial diversity has been suggested as one of the best indicators of soil quality, since diversity is related to suppression of plant diseases and to soil fertility (Wagg, 2014) . Thus, management that favors greater diversity increases the probability of maintaining a community structure that ensures soil functionality.
It is important to confirm the effects of ecological management because, although strategies of organic and ecological management are considered similar, they are not the same. In organic agriculture, one of the main purposes is to replace agrochemicals with botanical products, whereas in ecological practices, the main objective is to increase and maintain the functionality of energy flow in the ecosystem. Considering microbial soil communities respond positively to organic management (Stagnari et al., 2014) whose practices are very similar to those used in ecological management, our hypothesizes is that soils under ecological and intermediate management exhibit greater microbial diversity and a different microbial community structure compared to communities in soils under conventional management.
The objectives of this study were: to determine if EM and IM promote a different microbial structure and higher microbial diversity in comparison to CM; and to determine if the structure and diversity of bacterial and fungal communities can be used as the first potential indicators of soil quality to evaluate sites under different management practices (conventional, intermediate, and ecological) .
MATERIALS AND METHODS
This study was conducted at flower farms in the Eastern Cordillera of the Colombian Andes in an area known as La Sabana de Bogotá. Sites with similar Inceptisol (Soil Survey Staff, 2014) , soils with sandy loam texture, and present in relatively flat relief (with slopes from 1 to 12 %) were selected for this study to mitigate the influence of these variables on microbial communities. The farms sampled are in a cold humid climate with an average annual temperature of 14 °C and rainfall between 1,000 and 2,000 mm. All of them work under the greenhouse production technique.
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The first sampling site, Farm 1 (F1), is now the only flower farm in Colombia completely under EM since 1998, with ISO 14000 certification of clean production. This site is managed as an agro-ecosystem that has a continued presence of organic matter on the soil surface and proper use of agrochemicals (application frequency and applied amounts are based on the agronomic recommendations). The second and third sites, Farm 2 (F2) and Farm 3 (F3), are under IM, which is characterized primarily by a significant reduction in pesticide application rates in comparison to the rates applied in CM, and also by the application of organic fertilizers, such as compost. Nevertheless, under IM, as in CM, high rates of inorganic fertilizers are applied, and liming continues to be a regular practice. Farm 2 and F3 began to be used for flower production in 1985 and 1981, respectively, under the CM scheme. The IM was gradually implemented in 2001 at F2 and in 1995 at F3. The last site included in this study, Farm 4 (F4), started as a flower growing area in 1977 and has always been under CM, with excessive use of inorganic fertilizers and pesticides, liming as a regular practice, and no supply of organic matter to the surface. Under EM, IM, and CM, fungicides and insecticides are used; however, application rates and frequencies are different for the three types of management. Under EM, biological pest control has also been implemented. The main differences in management practices among the farms, locations and soil physicochemical properties are summarized in tables 1 and 2.
Since organic matter is one of the most important properties determining soil quality, given its deep influence on soil physicochemical and biological properties, and considering the yield/amount of agrochemicals applied relation as a soil quality indicator (Cambardella et al., 2004) , F1 is considered to be the site with the best soil quality, followed in order by F3, F2, and F4 (Table 1 ). All the sites sampled are dedicated to growing alstroemerias (Alstroemerias sp.).
Straight line distance between F1, F2, and F3 is about 28 km, 15 km between F1 and F4, 6.8 km between F2 and F3, 12.3 km between F2 and F4, and, finally, 16 .6 km between F3 and F4.
A 100 m 2 plot was established on each farm for soil sampling, except in F1, where two plots were set up. One of these plots was located in an area known as Block 1 (B1), whose history of land use includes flower production under CM from 1979 to 1997 and flower production under EM from 1998 to the present. In 1982 and 1985, 80 , and instead of applying them to the whole crop, as is usually done in CM and IM sites, pesticides in B1 (F1) are applied to the infected plants only. The second plot in F1, located in Block 5 (B5), has been used for flower production since 1986 and has always been under EM.
Collection and processing of soil samples were the same for all sampling sites. In each plot, three composite soil samples were collected from three transects, approximately 5 m apart and 10 m long, arranged from north to south. Each composite sample was the result of pooling four soil cores randomly taken from the surface (0.00-0.05 m) along each transect. Soil cores were obtained using a stainless steel soil sampler with 23 mm outside diameter. Samples were stored in a refrigerated cooler, transported to the laboratory, and processed within 24 h. Soil was sampled on each farm during the second week of April in 2016.
Structure and diversity of microbial communities
Differences in soil bacterial and fungal communities were evaluated by the 16S rDNA and the 18S rDNA genes, respectively, using molecular markers obtained by PCR-DGGE (Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis). Total DNA was extracted in duplicate from 0.5 g of each composite soil sample to assess the Rev Bras Cienc Solo 2018;42:e0170016 reproducibility of the banding patterns obtained by the PCR-DGGE analysis. The DNA isolation was performed using the Ultra Clean DNA kit from Mo Bio Laboratories Inc. according to manufacturer's instructions with modifications. Briefly, 500 µL of phenol was added to remove the excess organic matter present in the samples previously treated with the protein precipitation reagent. After separating the phenol/aqueous phases by centrifugation, the aqueous phase was mixed with the kit´s DNA-binding salt solution.
The following steps were as indicated in the instructions. gene using primers 341 F-GC: 5´-cgcc ccg ccg cgc gcg gcg ggc ggg gcg ggg gca cgg ggg gcc tac ggg agg cag cag-3´ and 907 R: 5´-ccg tca att ctt ttg agt tt-3´ (Ishii and Fukui, 2001) . A region of 350 bp from the 18S rDNA gene was amplified by the primers NS1 F: 5´-GTA GTC ATA TGC TTG TCT C3´-and GC-FUNG: 5´-CGC CCG CCG CGC CCC GCG CCC GGC CCG CCG CCC CCG CCC CAT TCC CCG TTA CCC GTT G-3´ (Hoshino and Marimoto, 2008) . The following basic thermocycling program was used for all the PCR reactions: 94 °C for 3 min (1 cycle); 94 °C for 50 s, 58-49 °C for 30 s, and 72 °C for 30 s (10 cycles, decreasing one grade each cycle); 94 °C for 50 s, 48 °C for 30 s, 72 °C for 30 s, and 72 °C for 4 min (20 cycles).
A mutation detection system (D-Code Universal Mutation System, Bio-Rad, Hercules, California, USA) was used to analyze rDNA polymorphism by loading 300 ng of PCR product on a 6 % polyacrylamide/bis acrylamide 37.5:1 gel in 1X TAE. The denaturing gradient used for the 16S rDNA products was 35 to 70 %, and electrophoresis was performed for 24 h at 40 V and 60 °C. The denaturing gradient used to analyze the 18S rDNA products was 25 to 40 %, and electrophoresis was performed for 15 h at 40 V and 60 °C. For both the 16S rDNA and 18S rDNA analyses, 100 % denaturing acrylamide solution was defined as 7M urea and 40 % (v/v) deionized formamide. To visualize the DNA, the gels were stained in an ethidium bromide solution (5 µg mL -1 ), and digital images were taken using an imaging system (Gel Doc-It tm system, UVP, Upland, California, USA).
The DGGE profiles were analyzed by Gel Compare II 5.0, Applied Maths NV software (SintMartens-Latem, Belgium) to obtain a binary presence/absence table to calculate similarities among sampling sites. To identify the samples with similar patterns, a similarity matrix was generated using the Jaccard index (Duarte et al., 2012) , which was represented in a UPGMA dendrogram. This method was also used to evaluate the repetitiveness of the DGGE profiles among the composite soil samples collected from the three transects set up in each plot sampled.
Analysis of similarity (Anosim) was used to determine if differences between DGGE profiles from different management practices were greater than differences within a particular management type. An R value greater than 0 indicates that differences are greater between management types.
A multidimensional scaling map (MDS) was generated to represent the sites sampled in two dimensions, with dissimilar farms apart from and similar farms close to one another in the ordination space. The ability of the MDS to provide a good representation of similarity data in a two-dimensional space was evaluated based on Kruskal´s stress values. Stress values <0.15 indicate that the ordination plots presented were useful representations of the DGGE data. Pearson correlation analysis was used to assess associations between the MDS axis scores and data from management practices in table 1 (inorganic fertilizers, organic fertilizers such as composted plant residue, pesticides, and irrigation). This correlation analysis was also used to test the effect of the physical properties measured in the composite soil samples in table 2 (pH, soil moisture).
Because of differences in the efficiency with which the same set of primers amplify different templates in the PCR mixture, regular PCR-DGGE is not a proper technique to measure absolute differences in the abundance of a particular microbial species represented by a DGGE band. Therefore, based on the binary table, diversity was estimated in terms of richness (S) to minimize the influence of the PCR bias (Weller et al., 2002) . A one-way Analysis of Variance (Anova) was employed to determine the differences among the diversity measured in the soils of the different sampling sites. The average diversity values were compared by Tukey's post hoc analysis. The results were expressed as the mean ± standard deviation and were considered significantly different at p≤0.05.
Clustering, MDS, correlation, and Anova analyses were performed using XLSTAT (MS Excel, Addinsoft, NY, USA). Anosim was performed using the R package Vegan.
RESULTS
Both the 16S and the 18S rDNA amplified products display bands with different intensities ranging from strong to weak, and they exhibit arrangements of noteworthy diversity among sampling sites that consistently affected the clustering of the profiles. The molecular patterns in technical duplicate DNA samples were reproducible (data not shown).
The DGGE profiles were quite similar among the three composite soil samples collected from each plot. The similarity coefficients of the DGGE profiles obtained from the three composite samples collected in one site ranged from 0.76 to 1.00 for the 16S rDNA profiles and from 0.78 to 1.00 for the 18S rDNA profiles.
Effect of management on the structure and diversity of the bacterial community
A cluster analysis based on the genetic polymorphism detected by PCR-DGGE segregated the bacteria into three different groups corresponding to the management types evaluated (Figure 1a ). Bacterial communities in soils from B5 and F4 under EM and CM, respectively, showed the greatest contrast, both in structure and diversity. The bacterial community of F4, under CM, was distinguished as a separate group, indicating that its genetic structure is least related to that observed for the bacterial communities in the other sites. The similarity of this site to the bacteria in soils under IM, F2 and F3, ranged from 0.1-0.2. Its similarity to the bacteria in soils from B5 and B1 under EM is lower, between 0.05 and 0.1 (Figure 1a) . The similarity between sites under EM and IM was higher, ranging from 0.32 to 0.57. Anosim analysis confirmed a strong difference between the bacterial community structures in soils under EM and IM (R =0.97, p< 0.001), soils under EM and CM (R =1, p<0.01), and soils under IM and CM (R =1, p<0.01). Ordination of the data using MDS revealed the same three groups observed in cluster analysis (Figure 1b) , and when correlation analysis is used to assess the association between axis scores and management practices, results show that practices governing the dispersion of sampling sites along axis one include gravimetric soil moisture (R =0.95, p<0.05), irrigation (R =0.94, p<0.05), organic fertilization (R =-0.91, p<0.05), pesticides (R= 0.9, p<0.05), and inorganic fertilization (R =-0.77, p<0.05). The dispersion along axis two is mainly explained by pH (R =0.72, p<0.05), organic fertilization (R =0.67, p<0.05), and inorganic fertilization (R =0.58, p<0.05).
Bacterial community diversity from soils in B5 had the highest richness index (34.7 ± 0.6), and bacteria from F4 had the lowest (15.3 ± 1.2) (Figure 2 ). There were differences when comparing the bacterial communities from B5 and F4 to the other sampling sites. The richness of B5 was higher than that calculated for B1, F2, F3, and F4 (p<0.05), and the diversity calculated for F4 was lower than the diversity in B5, B1, F2, and F3 (p<0.05). Bacterial communities from B1, F2, and F3 did not exhibit differences among themselves (p>0.05).
Effect of management on the structure and diversity of the fungal community
The collected data suggest a lower impact of the management system on the genetic structure and diversity of the fungal community. An analysis of the 18S rDNA fragments shows that the similarities calculated among genetic structures of the fungi from soils under CM, IM, and EM are higher than that observed for bacteria (Figure 1c ). In spite of B5 being discriminated as a separate group in the cluster analysis, the similarity with the sites under IM and CM range from 0.4 to 0.6, results that are higher than those observed for bacteria. The B1, F2, and F3 have a higher similarity to F4, from 0.5 to 0.8. Anosim analysis confirmed differences among the fungal community structures under EM and IM (R =0.63, p<0.004), under EM and CM (R =0.48, p<0.01), and under IM and
0.5 0.6 0.7 0.8 0.9 1 Similarity F4 CS3 F4 CS1  F4 CS2  F1B5 CS2  F1B5 CS1  F1B5 CS3  F1B1 CS2  F1B1 CS1  F1B1 CS3  F3 CS3  F3 CS1  F3 CS2  F2 CS3  F2 CS1  F2 CM (R =0.18, p<0.03). These differences were not as strong as for bacteria though, which is consistent with the higher similarity values observed in the cluster analysis. Ordination of the data using MDS agree with the groups observed in the cluster analysis (Figure 1d) , and correlation analysis indicates that practices governing the dispersion of sampling sites along axis one are organic fertilization (R =0.77, p<0.05), pesticides (R =0.7, p<0.05), and irrigation (R =0.77, p<0.05). The dispersion along axis two is mainly explained by inorganic fertilization (R =0.7, p<0.05) and pH.
Richness of diversity was highest in the site under EM with no previous history of conventional management. The fungi in B5 showed a higher richness (23 ± 1) than that calculated for B1 (17.3 ± 0.6), F2 (13 ± 1), F3 (12 ± 0), and F4 (13 ± 1) (p<0.05) (Figure 2 ). Unlike what was observed in bacteria, there were richness differences between B1 and sites under IM, F2, and F3 (p<0.05) , and also between B1 (F1) and F4 under CM (p>0.05).
DISCUSSION
Differences among the sites under CM and EM that have to do with fertilization and irrigation, might explain much of the variation seen in the structure and diversity of the bacteria under these two types of management. Organic materials enhance the growth, activity, and diversity of soil microorganisms, whereas mineral fertilizers do not (Tanaka et al., 2014) . Indeed, previous published data have demonstrated that organic and inorganic fertilization have a differential input of carbon to the soil, which, in turn, is strongly correlated with most microbial parameters (Sradnick et al., 2013) . Soils in F1 (B1 and B5) are amended with both compost and inorganic fertilizers, they remain covered with a layer of crop residue, and drip irrigation is limited to a few hours per week (Table 1 ). In F4, there is no compost amendment, the soil surface is devoid of crop residue, and drip irrigation containing inorganic fertilizers is regular. It has been observed that the combination of organic and inorganic fertilization, as seen in F1, changes the microbial Rev Bras Cienc Solo 2018;42:e0170016 community structure and promotes diversity (Hartmann et al., 2015) . In contrast, soil amendments with only inorganic fertilizers produce a decline in microbial populations (Ge et al., 2010) . Changes in bacteria under organic fertilization may be the result of increases in copiotrophic microorganisms, whose growth rates are limited by the lack of available C substrates, even in soils with high C/N ratios, and which comprise the first group of microorganisms to assimilate most of the readily available organic substrates after they are added to the soil (Demoling et al., 2007; Kuzyakov, 2010) . Changes in bacterial communities may also be due to the effects of organic fertilizer on soil structure. Zhang et al. (2014) showed that long-term applications of organic fertilizers accelerated the formation of soil aggregates, while simultaneously decreasing the oxygen diffusion coefficient, making microhabitats more suitable for anaerobes. The soil water content may also be driving shifts in the genetic structure and diversity of the bacterial communities under CM and EM. As the soils in F4 become more water saturated (Table 1) as a result of constant irrigation, soil oxygen levels are reduced, restricting the type of microorganisms that are able to live under these anoxic conditions. The anaerobic environmental soil conditions in sites under CM must be reducing diversity by favoring a bacterial community formed mainly by facultative and obligate anaerobes (Ma et al., 2015) .
Differences in the bacterial community structure and diversity between B1 and B5 located in F1 seem to indicate changes in the soil produced by different land use histories. These two blocks only account for 0.6 similarity between them, indicating larger differences in their community structure than expected, despite currently being under the same management system. The scientific literature reports that pesticides applied at recommended rates have no deleterious effects on microbial populations (Roger et al., 1994) . However, when the application rates are higher than those recommended, it has been shown that the microbial population structure changes, and its metabolic activity decreases (Moorman, 1988) . Therefore, differences between B1 and B5 might be the result of excessive pesticide applications in B1 back in the early 1980s, while B1 was still under CM, compared to the rates that have been applied to B5. This may have caused negative effects on the soil microbial community in B1, and although after 1997 there was no more excess of pesticide applications, the soils in B1 have not recovered their original microbial structure and diversity. Although the pesticide was only applied twice, there was apparently a long-term effect. Closer similarities between bacterial communities from F2 and F3 may be explained not only by the similarities in their fertilization regimes and their soil water content but also by soil pH. It is well known that pH strongly influences nutrient availability and the solubility of metals (Kemmit et al., 2006) . Thus, pH has an important effect on microbial populations, especially on bacteria, which reduce their growth rates, biomass, and diversity as pH decreases (Rousk et al., 2009) . Farm 2 and F3 had lower pH values than F1, probably because of their higher inputs of inorganic fertilizers (Table 1) (Heinze et al., 2010) .
Practices associated with the type of management also seem to have a differential effect on the structure and richness of the fungal communities. However, although organic and inorganic fertilization practices seem to be associated with the differences among the sampling sites, this effect is not as strong as for bacteria.
Although fungal communities do not exhibit differences in diversity between sites under IM and CM, fungi show differences between the two sites under EM with different land use history. It is likely that the use of pesticides in B1 in the past also had a long-term effect on fungal communities.
CONCLUSIONS
The hypothesis initially raised in this paper was confirmed for the bacterial community structure. Soils from floriculture crops at the sampling sites in the tropical highlands of La Sabana de Bogotá exhibited differences in the structure of soil bacteria under EM, IM, and CM. Moreover, bacterial richness distinguished soils under EM vs. CM and soils under IM vs. CM. The results observed confirmed that ecological and intermediate (to a lesser extent) management practices promote soil bacteria diversity.
This study did not discriminate between the bacterial richness in a soil under EM with a previous history of excess application of pesticides vs. the soils under IM. This may be indicating that high application rates of pesticides have had a long-term negative effect on the bacterial communities of the sites studied.
Ecological management also favors fungal communities; however, changes in structure and richness under different management practices or different land use histories are not as noticeable as those for bacteria.
